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其 Tg、Tf、α和 ρ等的影响。 
（一）研究了 B2O3 在 ZnO—Bi2O3—B2O3 系统无铅微晶封接玻璃（ZBB 系统
玻璃）熔制过程中的挥发行为。结论如下：（1）使用 ZnO 作为原料比使用
ZnSO4·7H2O可降低60 %左右B2O3的挥发；（2）将投料温度提高至400 ~ 500 ℃，
比从室温投料的挥发率可降低约 10 %；（3）B2O3 的挥发随着澄清均化温度和时
间的增加而增加。 
（二）研究了未添加其他网络外体氧化物和网络生成体氧化物的 ZBB 系统
玻璃中 m(Bi2O3)/ m(B2O3)对其结构、析晶、Tg、Tf、α和 ρ等的影响，结论如下：
（1）随 m(Bi2O3)/ m(B2O3)的增加，Tg 降低，玻璃更易析晶；（2）提高热处理温
度将提高 Tg 和 Tf；（3）当 m(Bi2O3)/ m(B2O3)≤ 6.5 时，提高热处理温度将使样品
的 α下降，m(Bi2O3)/ m(B2O3)≥ 6.5 提高热处理温度将使样品的 α上升。 
（三）研究了作为玻璃网络外体氧化物的 Y2O3 对 ZBB 系统玻璃的结构、析
晶、Tg、Tf、α和 ρ等的影响，结论如下：（1）Y2O3 ≤ 1.0 wt.%时，玻璃中[BiO3]
和[BiO6]结构减少，Y2O3 ≥ 1.0 wt.%时，[BiO3]和[BiO6]结构增多；（2）在 ZBB
系统中随着 Y2O3 含量的增加，其作用逐渐以积聚为主，Y2O3 ≤ 1.5 wt.%能降低
系统的 Tg；（3）在 ZBB 系统中添加 Y2O3 以积聚作用为主，延缓玻璃的析晶；（4）
添加 Y2O3 的 ZBB 系统玻璃的 α呈现先降低后升高，Y2O3 = 1.0 wt.%时出现极小


































The preparation, properties and applications of Bi2O3-rich lead-free sealing 
glass-ceramics has been deeply discussed in this investigation. Fourier transform 
infrared spectroscopy (FTIR), Raman spectroscopy, differential scanning calorimetry 
(DSC), X-ray diffraction (XRD), dilatometer (DIL) and resistance measuring devices 
are used to study the performance of the sealing glass. The performance include 
soften temperature (Tf), glass translation temperature (Tg), expansion coefficient (α), 
resistance (ρ), and so on. 
There are 3 research topics in this investigation; and in section 2 and 3, the 
influence of heat treatment temperature on the performance of the glass which product 
by molding and heat treatment have been focuses on. 
1. Volatilization of B2O3 in ZnO－Bi2O3－B2O3 system lead-free sealing glass 
ceramics (ZBB glasses) has been studied, the result shows: (1) ZnO replace 
ZnSO4·7H2O as raw material can reduce 60 % volatilization of B2O3; (2) increase the 
feeding temperature to 400 ~ 500 oC, compare with feeding at room temperature, can 
reduce 10 % volatilization of B2O3; (3) volatilization increase by melting temperature 
and holding time increase. 
2. Effects of m(Bi2O3)/ m(B2O3)on crystallization, Tg, Tf, α and ρ in ZBB glasses 
without other glass modifier oxides and glass former oxides has been studied, the 
result shows: (1) by the increase of m(Bi2O3)/ m(B2O3), Tg of the glass become lower 
and easier to crystallize; (2) Tg and Tf obtain by DIL increase by the heat treatment 
temperature increase; (3) When m(Bi2O3)/ m(B2O3)< 6.5, within the scope of this test, 
the heat treatment temperature would make α of the samples decline, and vice versa 
will allow α to rise. 
3. Effects of Y2O3 as glass modifiers oxides, on glass structure, crystallization, Tg, 
Tf, α and ρ in ZBB glasses have been studied, the result shows: (1) the accumulation 
of Y3+ become dominant on Tg with the increase of the content, Y2O3≤ 1.5 wt.% on 















crystallization led to the accumulation of Y3+; (3) α of ZBB glasses decreased to a 
minimum when content of Y2O3 is 1.0 wt.% and then increase with Y2O3 increase; (4) 
ρ of ZBB glasses decreased with the increase of Y2O3 in glass, and crystalline can 
improve the insulating properties. 
In addition, Bi2O3-rich lead-free sealing glass ceramics used as sealing materials, 
glass paste and heat resistant coatings has been carry out a preliminary study. 
 


















1.1.1 高 α、低 Tf和高 ρ封接材料的性质 
用于电子电气设备（如家用电器）中的金属－金属间封接（即金属和金属之
间采用微晶玻璃进行封接）的材料一般应具有以下性质： 
（1）满足与金属相近的高膨胀系数（α，单位 /℃），如 Cu 的 α=18.6×10-6/℃
（20 ~ 600 ℃）[1]；一般而言，封接需使两者的 α尽可能接近，以使封接后产生














时满足高 α 值、低 Tf 和高 ρ 的要求。富含 PbO [8]的玻璃，可达到与金属相匹配
的高 ρ值，也容易获得较低的 Tf，使封接在较低的温度下进行，避免封接温度过
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